Abstract-This paper proposes and details a course organization methodology based on learner satisfaction achievement. The approach follows the prevailing tendency in modern university reforms which are primarily concerned about "how people learn." As a consequence, the learner has been placed as the main actor of the teaching-learning process. Nevertheless, the current learning literature has not addressed the measurement of learner satisfaction within laboratory and practical subjects. This study develops a general and comprehensive methodology for learner satisfaction measurement in practical subjects. As a case example, the proposed methodology has been applied to an electronic instrumentation and measurement course, confirming the variables with a significant influence on learner satisfaction and becoming the starting point for curriculum redesign based on the learner satisfaction approach. To assess the improvement of the proposed course organization methodology, a comparison with previous academic years has been performed showing the students' rated score evolution. Results fully confirm the validity of the technique and the novel course organization.
I. INTRODUCTION
T HE notion of learner-centered education has been in existence since the early days of higher education institutions [1] , [2] . Nevertheless, only recently has this concept reemerged because of reforms that are to be implemented in the year 2010 in the European countries (within European Higher Education) [3] , [4] . New learning and teaching-centered patterns of the students have emerged as a result of these pedagogical reforms [5] , [6] .
In a teacher-centered model of instruction, the development of the instruction and control of the learning process is retained by the teacher. In this framework, some assume that the teacher needs to do things "to" and "for" the learner. In other words, the teacher manipulates the learning situation to obtain the desired outcomes guided by generalized characteristics of the learners Manuscript received December 19, 2005 ; revised November 21, 2006 . The authors are with the Departamento de Ingeniería Electrónica, Escuela Superior de Ingenieros de Sevilla, 41092 Seville, Spain (e-mail: sgallardo@us. es).
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Digital Object Identifier 10.1109/TE.2007.893173 [7] . In this scenario, instruction is the activity which the information is moved or transmitted to and into the learner [8] . The teacher's role is to transfer knowledge to the students once it has been previously defined and organized from the teacher or expert's perspective. The teacher decides what is required for the learner from a perspective outside the learner, by defining characteristics of instruction, curriculum, assessment, and management [7] , [9] . The teacher-centered methodology usually leads to rote learning and the stifling of critical and creative thinking [10] - [12] . In contrast, learner-centered practices move the focus from the teacher to the student, paying more attention to the learning performance rather than the instruction methodology. Instruction based on a learner-centered framework provides opportunities for learners to draw on their own experiences and interpretations of the learning process [7] , [9] , [13] . Learner-centered practices regard learning as a life-long process rather than as a process which takes place only through youth-adulthood. This occurs in the majority of current higher education reforms [14] .
According to this second approach, learning is viewed as a natural and constructive process. Furthermore, if the learning is more meaningful and relevant to the student, the teaching efficiency is also increased. This learning ability is particularly important in courses with a high load of laboratory or practical work (where the skills and abilities of learners should improve), especially when the students get involved in the learning process assuming responsibility [15] . In order to accomplish the desired learning outcomes, teachers need to understand the learner's world and identify capacities already existing in the learner.
In this paper, a general procedure for evaluating learner satisfaction is described and used to design a course organization following a learner-centered approach. Section II describes the procedure and compares it with other existing methods for learner satisfaction measurement. The proposed methodology is applied in Section III to an electronic instrumentation and measurement course as a case example. The obtained results indicate the main variables with a significant influence on learner satisfaction, improving the understanding of the underlying learner satisfaction driving principles. According to these variables, a new course organization is proposed and applied to improve the most relevant dimensions previously highlighted. To estimate the improvement of the proposed course organization, a students' rated score evolution is showed. Finally, conclusions are drawn in Section IV. 
II. USER SATISFACTION MEASUREMENT
Measurement issues are receiving increased attention among the education research community. The primary purpose for developing these measures is to predict behavior, and thus, the measurement of learner satisfaction should be more closely tied to the attitude-behavior theory.
Learner satisfaction is an important theoretical construct because of its potential for helping discover both forward and backward links in a causal chain that are important to the learning community [16] . Thus, learner satisfaction is potentially both a dependent variable (when the domain of one's research interest is upstream activities or factors that cause learner satisfaction) and an independent variable (when the domain is downstream behaviors affected by e-learner satisfaction).
Considerable research has been performed in social psychology about a person's attitudes and how these may affect behavior. Specifically, the Theory of Reasoned Action (TRA) [17] is a widely accepted model that has been used in predicting and explaining behavior across a wide variety of domains. TRA assumes that individuals behave rationally, and postulates that behavioral intention (and subsequently the final behavior) is a function of attitude (toward the behavior).
Based on this theoretical framework, satisfaction appraisal is generally considered the central mediator of postlearning behavior, which links preusage system beliefs to postusage cognitive structure, student communications, and reuse behavior (see Fig. 1 ). Most behavior researchers would agree that satisfaction influences future usage intention and complaining behavior. Students with high levels of satisfaction are expected to have higher levels of reuse intention and make less complaints [18] .
Traditionally, the user satisfaction measurement has been used to assess information and management systems, including classroom teaching in traditional educational contexts [19] - [21] . This measurement cannot be evaluated using a single-dimension scale, such as global satisfaction, and it should incorporate different aspects of electronic-learner (e-learner) satisfaction to become a useful diagnosis instrument.
However, user satisfaction measurement developed for traditional educational contexts may no longer be appropriate for a laboratory or practical learning environment where the role of the learner is completely different to that of a student in a lecture-style setting. For instance, the way in which the educational material is delivered or the possibilities of feedback and interaction with physical instrumentation are quite different in a laboratory environment. Therefore, a need exists to develop a comprehensive instrument for measuring learner satisfaction within a practical or laboratory context [18] .
Different dimensions must theoretically and operationally be defined to assess the extent and specific nature of learner satisfaction. According to [18] , learner satisfaction is stimulated by several focal aspects, such as content, learner interface, learning community, and personalization. In [22] , [23] , an instrument for measuring end-user computing satisfaction was proposed. They developed an instrument that consisted of five dimensions: ease of use, content, accuracy, format, and timeliness. In some other studies new dimensions were added. For instance, assessment-centered instruction was highlighted in [24] . This dimension includes opportunities for both formative and summative assessment, allowing students to reflect on what they already know, to receive feedback, to try again after appropriate review, and to demonstrate their understanding of the material. Overall responsibility and user control were considered in [25] as a measurement of user participation and involvement. Finally, interactivity has also been claimed as an important dimension of user satisfaction [26] , [27] .
According to these above-mentioned studies, 10 dimensions have been considered: content, user interface, feedback, user control and interactivity, ease of use, enthusiasm and motivation, learning community, learner responsibility, previous experience, and satisfaction. A survey based on these dimensions has been applied to the course described in the next section.
III. ELECTRONIC INSTRUMENTATION AND MEASUREMENT LAB: A CASE STUDY
The course, "Electronic Instrumentation and Measurement Lab," is a 7.5-Spanish-credit (this is 75 hours since one Spanish credit is equal to ten hours of lessons) optional course at the Telecommunication Engineering school of the University of Seville, Seville, Spain. The Telecommunication Engineering degree comprises five academic years, and each year is divided into two semesters. The courses usually last one semester, and most of them consist of six credits on average. The analyzed lab course is placed in the second semester of the last year, and every year from 60 to 90 students enroll in the course.
The main goal of the course is to provide students with an understanding of the operation principles and applications of a selected range of elemental and advanced instruments, such as logic analyzers, oscilloscopes, spectrum analyzers, LCR meters, etc., agreement with students skills through laboratory work experiences. The lab work is based on "hands on" instruction focusing on engineering topics, such as modulation techniques, microprocessors systems analysis, reflectometry principles, fixed telephone basics, instrumentation buses, etc. The students learn about instruments and lab equipment which are used while analyzing interesting electronic engineering systems and principles. Furthermore, other important abilities are improved in this course, such as collaborative work, and innovation and research skills.
The course is divided into two separated lab groups with 45 students per group. Group "A" takes place on Thursday, from 4:00 to 9:00 PM. Group "B" takes place on Friday, from 9:00 AM to 2:00 PM. The students must attend 12 lab sessions. Five hours per session are assigned to each group. The students are also divided into work groups of two or three people who work together during each lab session. Therefore, each student attends 12 five-hour sessions, working at 12 different work stations throughout the course. Each work station is composed of different electronic instruments and prototype boards that students have to use and test, respectively. The 12 lab sessions making up the course are organized as follows.
• • Session 12: Analysis of advanced electronic digital systems (such as digital signal processors or DSP) and protocols (such as internal personal computers architecture) using logic analyzers. Previous reading is required to understand the operation principles of the equipment and instruments to be used in each session. Before the beginning of the laboratory work, handbooks of the instruments and a detailed handout of each task are available to the students. No formal reports are required to evaluate the students' work, but the students have to answer on-lab questions during each laboratory session.
A. User Satisfaction Assessment
Items of Table I were distributed among the students enrolled in the Electronic Instrumentation and Measurement Lab course using a written questionnaire. This questionnaire consisted of 35 items which should be scored using a 1-7 Likert-type scale (1=strongly disagree, 7=strongly agree) [28] . All of these items are frequently reported in the literature [29] , [30] .
A Likert questionnaire was provided to each student at the end of every lab session. Therefore, every student has filled out one questionnaire per lab session (a total of 12 questionnaires per student), obtaining a total number of 1 080 questionnaires. The percentage of responses left blank was not appreciable (less than 0.5%).
Previous to the distribution of the questionnaires, their reliability was tested so that the proposed set of items always provided consistent and reliable responses, even if they were replaced with other similar items. Cronbach's alpha index (a reliability index associated with the variation accounted for by the true score of the "underlying dimension") was used. It shows how well a set of items measures a single latent dimension [31] . Table I shows the value of alpha (under the dimension between parenthesis) and the inter-item correlation associated with each item. This coefficient ranges from 0 to 1. The higher the score is, the more reliable the generated scale. A value around 0.7 is an acceptable reliability coefficient, although lower thresholds are sometimes used in the literature [31] . The distributed questionnaire clearly achieves the mentioned condition for each dimension. Item-total correlation was also computed for each item. This value is associated with each item between parenthesis and shows the correlation of an item with the rest of the items used to measure the underlying dimension. This value has been used for scale refinement. As a result of this process, four items (not shown in Table I ) were rejected, and 35 items were accepted.
One of the difficulties inherent in multivariable statistics is the problem of visualizing multidimensionality to understand the data set by considering the group of items together rather than focusing on just one item at a time. Fortunately, in data sets with many items, groups of items often move together. One reason for this grouping is that more than one item may measure the same driving principle, governing the behavior of the system. In many systems, only a few of such driving forces are present [32] . However, an abundance of instrumentation allows measurement of dozens of system items. Advantage can be taken from this redundancy of information, and the problem can be simplified by replacing a group of items with a single new one.
Principal components analysis is a quantitative and rigorous method for achieving this simplification [30] . The method generates a new set of items, called principal components. Each principal component is a linear combination of the original items. All the principal components are orthogonal to each other so that no redundant information is present. The principal components as a whole form an orthogonal basis for the data space.
The full set of principal components is as large as the original set of items. Nevertheless, the sum of the variances of the first few principal components often exceed 60% of the total variance of the original data [32] . By examining these few new principal components-based (PCB) items, achieving a deeper understanding of the driving forces that generated the original data is possible.
When applying the principal component analysis to the set of collected data, reduction of the number of PCB items used to represent the dimensions is possible. The results of Table II show the explained variance by the first principal component of each dimension. The first principal component of each dimension is able to explain more than 60% of the total variability of this dimension.
Using the reduced set of data represented by each first principal component, the correlations of these first principal components with learner satisfaction can be evaluated. These correlations can be used to hypothesize the relationships among +dimensions, showing the ones with a significant influence in learner satisfaction. According to the results from Table III, the conclusion is that all the considered dimensions have a significant influence on learner satisfaction (whether a positive or a negative correlation, since principal component analysis is performing a linear transformation in the data space). The final model obtained is illustrated in Fig. 2 . Worth mentioning are the four dimensions with a higher influence on the learning satisfaction: contentment, user interface, ease of use, and enthusiasm and motivation. These four dimensions are highlighted with bold lines in the model. The next three dimensions with a substantial influence on learner satisfaction are feedback, user control, and interactivity, and previous experience. All of them are correlated with learner satisfaction with a value greater than 0.5. Finally, learner community and learner responsibility are the dimensions with a lower influence on learner satisfaction (detailed in Fig. 2  with a dotted line) .
B. Improvements on the Current Course Organization in Accordance With Learner Satisfaction Measurements
The results from the previous subsection illustrate those dimensions with a high influence on learner satisfaction which should be improved. For instance, topics related to content, user interface, ease of use, and enthusiasm and motivation should be promoted.
• The "content" dimension is improved, including new content related with novel technological applications. The new activities included in the lab are based on industrial buses and protocols, home automation systems, remote and virtual instrumentation control, or mobile technologies (Fig. 3) [33]- [35] .
• The "user interface" dimension is improved using learning management systems (i.e., WebCT, Moodle, etc. [36] ). These systems, recently developed, make feasible a personalized user interface with complete control over instruction pacing and content management. The learning management system, based on Moodle, is a complete course management system (CMS)-open source software package-to produce Internet-based courses and Web sites. The remote environment opens the possibility to user authentication, students and teachers' accounts, resources such as forums, chats, etc. (Fig. 3) . Furthermore, other courses could be included in the same system. • The way in which the content is presented has also been taken into account to improve the "ease-of-use" dimension. Multimedia technologies and content have been developed to improve the learning processes (Fig. 3 ).
• Finally, the "enthusiasm and motivation" dimension could be improved if lab sessions surpass students' expectations. This improvement is obtained using real life applications, or even through rewards in the form of visible results of the lab work that can increase students' motivation and enthusiasm when working with practical implementations.
C. Students' Rated Score Evolution During the Last Courses
To validate the obtained results and to estimate the improvement that the proposed course organization methodology provides in the efficacy of the course, a comparison with previous academic years has been performed showing the students' rated score evolution (Figs. 4 and 5) . To obtain this rated score, a range from to 4 has been used, with being "a student who has abandoned the course," 0 being "a student who has not passed the course," 1 being "a student who has passed the course," and 4 being "a student who has passed the course with honors." The numbers in between refer to intermediate scores. This scoring system penalizes the abandonment of the course by the students, one of the most important problems in Spanish Universities. The evaluation of the course depends fundamentally on the accomplishment of individual short written questionnaires about the developed lab work at each work station. The mark for each lab session has a contribution of 6% on the overall score (72% in total). Some spontaneous questions are also presented to the work groups during the lab sessions which make up 28% of the overall score. Fig. 4 shows the rated evolution of the students' scores during the last four academic courses. As can be observed in Fig. 4 , the students' scores have improved during the 2005-2006 academic course. Ninety-four per cent of the students obtained a score of over 2 on the [ to 4] scale in contrast with the last courses with a maximum of 73% over 2. The mean students' rated score evolution has also been considered to measure the effectiveness of the enhancements included in the course. Fig. 5 shows this evolution. As can be noted, the mean students' rated score has been improved by 14% (2. 
IV. CONCLUSION
A scientific method for designing an Electronic Instrumentation and Measurement Lab course has been detailed. The adopted approach is based on learner satisfaction, according to the current European Higher Education reforms where the focus of attention is moved from teacher to learner which requires new teaching methodologies and learning environments. Learning environments are complex systems, and characterizing them using a single source of data may cause the teachers, evaluators, and researchers to misinterpret the learning processes. Students' perceptions of their classrooms normally provide an added and a better measure of a learner-centered process than teachers' perceptions.
In this study, student perceptions about several dimensions frequently referenced in the literature demonstrate how learnercentered principles can be used to improve a course organization. The dimensions with a higher influence on learner satisfaction are highlighted using principal component analysis, showing that content, user interface, ease of use, and motivation are the most appropriate ones to be reinforced. According to this analysis, the experimental course has been redesigned including new content and tools, such us multimedia technologies, realworld applications, or learning management systems. Postimplementation results are obtained, and a comparative analysis has been carried out showing the improvements on the students' evolution. The proposed methodology is general; it can be applied in any course; and the results demonstrate the usefulness of highlighting the relevant aspects to be improved from a learnercentered approach.
